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@ Radio telephone apparatus. 

@ Radio telephone apparatus for use in a cellular mobile 
telephone system comprising means for alerting at least one of 
the users of the apparatus in response to a drop in signal 
strength of radio frequency signals received over the communi- 
cation .channel; when the apparatus approaches a boundary of 
the call service area. The signal strength is periodically checked 
to determine if it has fallen below a first predetermined signal 
strength and if so the user is alerted. When the signal strength 
falls below a second predetermined signal strength the 
apparatus causes a disconnection of the telephone link and 
5! returns to a standby mode. 
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Description 



RADIO TELEPHONE APPARATUS 



1. Field of the Invention 

This invention relates to the field of radio tele- 
phone apparatus and more particularly to a mobile 
telephone unit of a mobile telephone system. 

2. Description of the Relevant Art 

In cellular mobile telephone systems, a large 
geographical area is covered and served by breaking 
the area into a plurality of small zones or cells. Within 
the combined plurality of small zones, i.e., a service 
area, a mobile telephone is capable of establishing a 
communication link with another party. Outside the 
service area, however, the mobile telephone may not 
be served by the service system. Accordingly, when 
a vehicle equipped with the mobile telephone leaves 
the service area and a communication link i.e., a 
speech line with another party has already been 
established, the communication link may suddenly 
be disconnected. This sudden break down of an 
established speech line is an annoyance to users. 

It is accordingly an object of the present invention 
to provide a radio telephone apparatus in which a 
user may know in advance that their vehicle in which 
their cellular telephone apparatus is installed is 
approaching a boundary of the service area. 

To achieve the object and in accordance with the 
purpose of the present invention, as embodied and 
described herein, the invention comprises means for 
receiving signals transmitted over a radio channel; 
means coupled to the receiving means for measur- 
ing the strength of the received signals; signal 
generating means coupled to the measuring means, 
the signal generating means generating a first signal 
in response to the detection of a signal strength 
measured by the measuring means below a first 
predetermined value and generating a second signal 
in response to a decrease in signal strength to or 
below a second predetermined value; means re- 
sponsive to the first signal for alerting at least one 
user of the apparatus; and means responsive to the 
second signal for causing a disconnection of the 
communication link. 

One embodiment of the invention will now be 
described by way of example with reference to the 
accompanying drawings in which. 

Figure 1 is a schematic block diagram 
showing an arrangement of radio telephone 
apparatus in accordance with the present 
invention; 

Figure 2 is a schematic block diagram of the 
receiver in Figure 1 ; 

Figure 3 is a graph of signal field strength 
versus voltage showing the relationship bet- 
ween the voltage value detected by detectors 
and field intensity indicative of the strength of 
received signals; 

Figure 4 is a flow chart of the sequence of 
operation of the embodiment ; and 

Figure 5 is a time chart illustrating the 
provision of an alerting signal. 



An embodiment of the present invention will now 
be described with reference to the accompanying 

5 drawings. 

Figure 1 is a block diagram showing an arrange- 
ment of a mobile unit associated with one embodi- 
ment of the invention. 
Referring to Figure 1, mobile unit 10 comprises 

10 antenna coupler 11 for transferring signals from 
transmitter section 12 to antenna 13 and for 
transferring signals from antenna 13 to receiver 
section 14, microprocessor 15 for controlling ele- 
ments of mobile unit 10, oscillator 16 for generating 

15 tones, displaying unit 17 for displaying information 
sent from microprocessor 15, speaker 18 for 
outputting signals from receiver section 14 or from 
tone generator 16, microphone 19 for inputting 
signals to transmitter section 12, switch 34 con- 

20 trolled by microprocessor 15, and speech synthesis 
unit 35 for synthesizing predetermined speech 
patterns. 

Transmitter section 12 includes baseband unit 20 
coupled to an input speech signal for processing 
25 signals at baseband frequency and transmitter 21 
coupled to the output of baseband unit 20 for 
modulating the output signal to be broadcast via 
antenna coupler 11 and antenna 13. Receiver 
section 14 includes receiver 22 coupled to antenna 
30 coupler 11 for demodulating receiving signals, 
baseband unit 23 coupled to the output of receiver 
22 for processing the received signals, and A/D 
converter 24 for converting an analog signal sup- 
plied thereto to a digital signal responsive to control 
35 of microprocessor 15. 

More specifically, as shown in Fig. 2, receiver 22 
includes first signal source 25, mixer 26 for combin- 
ing an incoming radio-frequency signal with the 
signal from first signal source 25, first l-F (intermedi- 
40 ate-frequency) amplifier 27 for amplifying the output 
signal of mixer 26, second signal source 28, mixer 29 
for combining the output signal of first l-F amplifier 
27 with signal from second signal source 28, second 
l-F amplifier 30 for amplifying the output signal of 
45 mixer 29, and l-F integrated circuit (IC) 31. l-F IC 31 
may comprise a plurality of linear amplifiers 32 for 
amplifying received signals and a plurality of diodes 

33 for detecting the strength of received signals. 
Fig! 3 shows the relationship between the voltage 

50 value detected by the plurality of diodes 33 and field 
intensity indicative of received radio frequency signal 
strength. The detected voltage value, for example, 
0-5 volts is converted to a digital value having a 
range, for example, of 0OOTJO00O-11111111 by A/D 

55 converter 24. This digital value is applied to micro- 
processor 15. When the detected voltage value 
decreases to a first predetermined value, for 
example, 1 volt, microprocessor 15 controls switch 

34 so that the tone output of oscillator 16 is applied 
60 to speaker 18 and transmitter section 12, thereby an 

alarm sound generated via speaker 18 is likewise 
transmitted to the radio channel via transmitter 
section 12. When the detected voltage value de- 
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creases to a second lower predetermined value, for 
example, 0 volts microprocessor 15 controls trans- 
mitter section 12 so as to shut down broadcasting 
and receiver section 14 so as to receive signals of a 
telephone signal link control channel. A voice 
synthesized alarm may also be provided by voice 
synthesis unit 35 as described below. 

Now the operations of mobile unit 10 in accord- 
ance with the embodiment will be described in 
reference to Figs. 4 and 3. 

In this embodiment, the strength of received radio 
frequency signals is checked after a predetermined 
time interval (steps 401, 402. and 403), for example, 
every five seconds. The time interval is counted 
down by a timer of microprocessor 15, or alterna- 
tively, a peripheral unit thereto. After the time delay 
expires at step 402. the microprocessor continues 
to step 403. 

If the digital value corresponding to the detected 
signal voltage at step 403 is equal to or lower than 
the digital value corresponding to the first predeter- 
mined voltage value (step 404), for example, 1 volt, 
microprocessor 15 activates switch 34 so that the 
output of oscillator 16 is applied to speaker 18 and to 
transmitter section 12, thereby an alarm tone 
generated by oscillator 16 is sounded via speaker 18 
and also transmitted to the radio channel via 
transmitter section 12. Therefore this alarm may also 
be heard by the other party to the conversation. If 
the overall duration of the alarm is 400 ms, for 
example, comprising a repeating nonsilence dura- 
tion of 100 ms and a silence duration of 50 ms as 
shown in Fig. 5, users may easily perceive the alarm 
sound as distinct from other telephone signals and 
the alarm may not significantly interfere with the 
telephone conversation. Furthermore microproces- 
sor 15 may control display unit 17 so that an alarm 
message, for example. "NEAR BOUNDARY" or 
■SPEECH LINE DISCONNECT SOON" is displayed. 
Microprocessor 15 may simultaneously control 
speech synthesis unit 35 so that an alarm message 
is sounded via speaker 18 and, on the other hand, 
transmitted to the radio channel via transmitter 
section 12 typically after the audible periodic tone 
(Fig. 5) is sounded. In this case, speech synthesis 
unit 35 may artificially synthesize speech on the 
basis of prestored data or reproduce spoken words 
of the user which have been stored in advance (step 
405). On the other hand, in the event that the digital 
value corresponding to the detected voltage returns 
to a level above the digital value corresponding to 
the first predetermined value (step 404) in the next 
iteration (the predetermined time interval has 
lapsed) or measurement at step 411. microproces- 
sor 15 terminates displaying the alarm message if 
appropriate and the operation of microprocessor 15 
returns to step 401 (via steps 414 and 415). 

Next microprocessor 15 checks whether the 
detected voltage value determined at step 403 is 
below a second predetermined value or has fallen 
to 0 volts (step 407) after setting a timer to a second 
predetermined interval of, for example, 5 seconds 
(step 406). If the detected signal voltage is not below 
or has not fallen to the second predetermined value, 
the operation of microprocessor 15 returns to step 



401 to check the signal -strength again to determine 
if it is below the first predetermined level. First, 
however, the timer turned on at step 406 is turned off 
at step 413. 

5 if the detected voltage value determined at step 
403 is at or below the second predetermined voltage 
value (step 407), it would be normally expected that 
the five second interval established at step 406 has 
not yet expired at step 408. Then the timer is set to a 

10 third predetermined interval of, for example, 5 
seconds at step 409. Once the time expires at step 
410, the signal level is checked again at step 41 1. At 
box 407, it is again determined that the signal value, 
for example, is 0 volts and the signal level has 

15 remained at or below the second predetermined 
level. Now time has expired at step 408 and the 
mobile telephone receiver returns to a standby 
mode at step 412. This entails causing a disconnec- 
tion from the telephone link at a telephone central 

20 office including terminating a broadcasting from 
transmitter section 12. Also, receiver section 14 
returns to acontroi channel for receiving telephone 
link control signals. It may be seen that two 
sequential measurements of signal level at, for 

25 example, 0 volts are required before the link is 
caused to be disconnected. 

From the above description, the first predeter- 
mined value for signal strength may be assumed to 
equal the second predetermined value in one 

30 embodiment or may be greater than the second 
predetermined value in a second embodiment. If at 
step 403 (Fig. 4) the signal strength value decreases 
below either the first or second predetermined value 
(the values being equal in the first embodiment, an 

35 alarm tone generated by oscillator 16 may be 
immediately sounded via speaker 18 and also 
transmitted to the radio channel via transmitter 
section 12 ( and other appropriate indications made, 
for example, via display 17). Furthermore, micropro- 

40 cesser 1 5 sets the timer to a second predetermined 
interval at step 406, of, for example, 5 seconds. 
Consequently, unless the signal strength value 
recovers within the second predetermined interval, 
the communication link will be disconnected at step 

45 412. During the second predetermined interval of 
time, the several indications of an alarm initiated at 
step 405 continue to be indicated to at least one 
party to the conversation. 
In accordance with the second embodiment and 

50 in the event that the second predetermined value is 
not the same value but may be less than the first 
predetermined value for signal strength, two types of 
alarm indications may be initiated. A first alarm 
. message of a form in accordance with the above i.e. 

55 NEAR BOUNDARY may be ordered at step 405. 
However, in the second embodiment a second 
indication step may be provided between steps 409 
and 410 such that in the first passage through loop 
407-41 1 a more urgent indication is provided for the 

60 third predetermined interval. For example, if the 
signal strength value decreases below the second 
predetermined value, urgent types of indicia such as 
a more rapid periodic alarm tone or a more important 
displayed message such as "SPEECH UNE DIS- 

65 CONNNECT IMMINENT" may be provided until the 
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third predetermined interval lapses. 

The first, second and third predetermined inter- 
vals at steps 401 , 406 and 409 are preferably as short 
as 4-5 seconds to insure that in-use channels are 
freed for use by others after a reasonable period of 
time. 



Claims 



1 . Radio telephone apparatus comprising : 
means for receiving signals transmitted over a 
radio channel; 

means coupled to the receiving means for 
measuring the strength of the received signals; 
signal generating means coupled to the 
measuring means, and arranged to generate a 
first signal in response to the detection of a 
signal strength value measured by the measur- 
ing means below a first predetermined value 
and to generate a second signal in response to 
the detection of a signal strength value at or 
below a second predetermined value; 
means responsive to the first signal for alerting 
at least one user of the apparatus; and 
means responsive to the second signal for 
causing a disconnection of the communication 
link. 

2. Apparatus according to claim 1 wherein 
the alerting means comprises means for gener- 
ating alarm sounds. 

3. Apparatus according to claim 2 further 
comprising means for broadcasting the gener- 
ated sounds over the communication link. 

4. Apparatus according to claim 2 or claim 3 
wherein the sound generating means com- 
prises speech synthesis for synthesising pre- 
determined speech patterns. 

5. Apparatus according to claim 2. or claim 3 
wherein the sounds comprise a periodic signal 
of less than one second duration in which short 
periods of tone are interleaved with shorter 
periods of silence. 

6. Apparatus according to claim 4 wherein 
the predetermined speech patterns simulate 
the voice of a user of the apparatus. 

7. Apparatus according to claim t wherein 
the alerting means comprises a visual display 
unit. 

8. Apparatus according to claim 1 wherein 
the signal generating means comprises a signal 
processor and timing means operation of the 
measuring means, being delayed a predeter- 
mined period of time after the said first or 
second signal. 

9. Apparatus according to claim 8 wherein 
the predetermined period of time is approxi- 
mately 5 seconds. 

10. Apparatus according to claim 8 wherein 
the alerting means comprises a visual and an 
audible alarm, the signal processor being 
responsive to a signal strength below the first 
predetermined level to actuate at least a visual 
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alarm and responsive to two successive 
measurements of signal strength at or below 
the second predetermined level to actuate 
disconnection of the telephone link. 

11. Apparatus according to any preceding 
claim wherein the first predetermined value of 
signal strength is equal to the second predeter- 
mined value of signal strength. 

12. Apparatus according to any preceding 
claim wherein the first predetermined value of 
signal strength is greater than the second 
predetermined value of signal strength. 
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@ Radio telephone apparatus. 



© Radio telephone apparatus for use in a cellular 
mobile telephone system comprising means for 
alerting at least one of the users of the apparatus in 
response to a drop in signal strength of radio fre- 
quency signals received over the communication 
channel, when the apparatus approaches a boundary 
of the call service area. The signal strength is pe- 
riodically checked to determine if it has fallen below 
a first predetermined signal strength and if so the 
user is alerted. When the signal strength falls below 
a second predetermined signal strength the appara- 

{Yjtus causes a disconnection of the telephone link and 

<{ returns to a standby mode. 
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